A simple and effective procedure for conversion of primary, secondary, allylic and benzylic alcohols into the corresponding iodides is described using CeCl 3 ·7H 2 O/NaI over SiO 2 under microwave irradiation. Benzylic alcohols are selectively converted in the presence of saturated alcohols into their corresponding benzylic iodides under these conditions.
Introduction
Heterogenous organic reactions have proven useful in the laboratory as well as industry. These reactions are effected by reagents immobilized on porous solid supports and have advantages over the conventional solution phase reactions because of good dispersion of active reagent sites and easier work-up. The recyclability of some of these solid supports renders these processes into truly ecofriendly green protocols.
1,2 In recent years, there has been increasing interest in various chemical transformations involving environmentally friendly reagents such as solid supported catalysts and those are assisted by microwave under solvent-free conditions, 3 viz. 1,3-dipolar cycloadditions, 4a Friedel-Craft alkylations, 4b Diels-Alder reactions, 4c etc. The combination of supported reagents and microwave irradiation can be used to carry out a wide range of reactions in short times and with high conversion and selectivity without the need of solvents. This approach can prove beneficial since the recovery of solvents from conventional reaction systems always results in some losses. Recovery of both products and supported reagent or catalyst is generally possible by simple filtration and evaporation, leading to an efficient and low-waste route to arrange of products. Halogen-containing compounds are very useful intermediates in organic synthesis. 6 They react with nucleophiles such as amines or alkoxides to give the corresponding substituted products and can be lithiated to introduce electrophiles via a halogen-lithium exchange reaction.
7 Alkyl iodides or bromides are widely used for ionic and radical carbon-carbon coupling reactions, and also act as intermediates in substitution, elimination and rearrangement reactions. The most common precursors to alkyl halides are alcohols. Therefore, the conversion of alcohols into alkyl iodides is a frequently used functional group transformation. 8 Although alkyl iodides are less stable than the corresponding chloride or bromide, and iodine is the most expensive of the common halogens, they are far more reactive than the other halogens, and in some cases iodides are the only reactive halides. However, some of these suffer from drawbacks, which include the use of toxic and/or hazardous materials, expensive reagents, long reaction time, low yields and tedious work up procedure. As such, mild and efficient methods that can be used to promote the transformation of hydroxyl groups into iodides are of increasing importance to overcome such difficulties.
Cerium (III) chloride has emerged as a lewis acid imparting high region-and chemoselectivity in various reactions, 13 since this compound is a very cheap, nontoxic, and watertolerant reagent. 14 We now report that CeCl 3 ·7H 2 O/NaI over SiO 2 can bring about the conversion of alcohols into iodides when irradiated in a domestic microwave oven (Scheme 1).
Results and Discussion
The results of the iodination reactions are summarized in Chemoselective iodination of benzylic alcohols was carried out in the presence of saturated alcohols as well as phenols. When a mixture of equimolar amounts of benzyl alcohol and 1-heptanol were treated with one equimolar CeCl 3 ·7H 2 O/NaI over SiO 2 under microwave irradiation, only benzyl alcohol was selectively converted to benzyl iodide and 1-heptanol remained unchanged. The results are shown in Table 2 .
In order to show the advantage of using microwave irradiation, some of our results compared with those reported in the literature (Table 3) . As shown in Table 3 , the iodination of alcohols with CeCl 3 ·7H 2 O/NaI over SiO 2 under microwave irradiation is a simple and efficient method. Higher yields and shorter reaction times are important features of this method.
In conclusion, the present study for the conversion of alcohols into iodides, shows that our method may represent a valuable alternative to those reported in the literature. The superiority of this method over the existing methods coupled with the ease of operation, the simplicity of workup, and the environmental advantage makes the process very useful.
Experimental Section
SiO 2 (mesh, 27-30) was purchased from Fluka. All the reactions were carried out in a domestic microwave oven National: NN-C988 W model (2450 MHz) in beaker and in some cases in closed Teflon container. Infrared (IR) spectra was recorded on Bruker VECTOR 22 spectrometer. 1 H NMR spectra were measured on Bruker DRX500 AVANCE and JEOL JNM-EX90A spectrometers, using CDCl 3 as solvent. All the products were characterized by IR, 1 H NMR, and GC data and also by comparison with authentic samples. 15, 16 General procedure for the conversion of Alcohols to Iodides: Sodium iodide (0.150 g, 1 mmol), CeCl 3 ·7H 2 O (0.372 g, 1 mmol), SiO 2 (1 g) and alcohol (1 mmol) were thoroughly mixed in a mortar and exposed to microwave irradiation for 30 s using high level (900 W). The reaction mixture was cooled to room temperature (1 min) and irradiated again for 30 s. After completion of the reaction (TLC or GC), ether (10 mL) was added and washed with aqueous saturated sodium hydrogen carbonate solution, followed by deiodinization with sodium hydrogen sulfite. The resultant organic layer was extracted with ether (3 × 10 mL) and the combined extract dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure to afford corresponding iodide in almost pure form. If necessary, products were purified by column chromatography (eluent, hexane-ethyl acetate, 95 : 5) . The products were identified by IR, 1 H NMR, and GC. Spectral data for some compounds are as follows: 2a:
1 H NMR (90 MHz, CDCl3): δ = 0.9 (br t, 3H), 1.1-1.9 (m, 10H), 3.10 (t, 2H, CH2I); 2n: 
